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GEQOLOGY
"OF
THE PETR[ FIED FOREST NATIONAL MOMMBNT
INTRODUCTION
Approximately two weeks was spent in the field gatheriﬁg dafa which
is embodied in this report, Naturally in so brief a time ‘i't wés im-
possible to endeavor to make the most detailed investigation, An at-
tempt is therefore made to bring the essgntial facts to youf attgntion
relatlve to this 1mportant monument. The writer has reviewed much of
“the geologlcal llterature avallable on the general area and has used
some of the material as deemed-advlsable. A summary of the references
available is appended herewith,
The pufpose ofkthe study as developed with Mr. Earl A.,Tréger,&ur- ‘
‘ing his recent visit, may be briefly sumﬁarized as follows:
1, To consider”the water resources of the monument.
2+ To inspect the proposed Painted Desert addition and
review plans for the utilization of same with the

super1ntendent.

3. To make wnat recommendations pos31ble relative to
-. the development of the museum,

4, To ascertain possible future ECW projects to best
demonstrate the geological features,

5, To have material available in order to write a com-
prehensive report for the information of visitors.

6. To make observations pertaining to the source of the’
trees now present in silicified form.



- LOCATION
- The Petrlfled Fbrest National Monument is situated in eastern
Arlzona, about twenty miles east of Holbrook extendlng in a north-
south dlrection along the Navago—Apthe County boundary line for a
distance of-approximately twenty-five miles, The monument is well
-provided’with means of approach. U. S. Highway 66, the hain raﬁte
acroés New Mexico and Arizona, e#tehds through the Painted Desert
section, The southern é@rtioﬁ is créésed by U. S. Highway 2601which
extends northwest from Spr1ngerv1lle, the connecting link with U, S,
Highway 60, This southern apprOach is de31gnated as the Grand Canyon-
Petrified Porest-Carlsbad Caverns highway.- A north-south road through
the monument is maintained by the Park Service. This road, with numer-
cus side extensions to points of iﬁterest, connects the.two'main-avenues
of aﬁproach.méntioned and extends from the Painted Desert Inn to the
Administratién Building. (See Plate I follbiing) The Atchison, Topeka,
and Santa Fe Railway crosses the ceptraivsectioh éf‘the reserve, A
station is maintained at Adamana, only a\mile distant from the wgst |
boundary. | |
HISTORY
The'first record of fosSil‘wood in northern Arizona was recorded

by Captain L. Siigreaves, in 1851, during an expg@itionddwn the Zuni
and Colorado rivers. He obsérved petrified wood‘éix miles northwest of
thé moﬁth of the Zuni River near the southern boundary of the present

monument, ‘A. W. Whipple discovered the -so-called North Forest in a
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traversevof hortﬁern Arizoﬁe‘in 1853, He suggested the neme Lithodendron
Creek for the northern triﬁutarj of the Rio Puerco oecauee of the large
'quantities of silicified logs found'there.‘ JJ‘S; Newberry in his report
on the Colorado River, covering the Ives Exoediiionrof 1857-58, describes ‘
the fossil wood observed at Ives_Mesavand at Forﬁ Defiance. The Powell
and Wheeler surveys a few yeare leter:establiSEed the fact that the pet-

. rified wood accﬁmﬁlations’vere not 1oce1 in‘oharaeter but were fairly
’extensively distrioﬁted throughouf the'plateau‘province; Interest in

the preservation of the scenic and scientific features of the area in"'
the vieinity of Adamana, where large accumulations of s111c1f1ed wood
occurred led to the investlgatlons by Lester F. Ward geologlst of the.
Uhlted'StateS'Geolog1cal Survey. In 1899 he submitted_his report to the
Department‘ofﬁﬁheiinterior with recommendations that the erea be neeerved |
,,as:a'netional ronumentr‘ Thie recommendation was carried out'ih 1906 o
‘when Pres1dent Theodore ‘Roosevelt 1ssued a proclamatlon establishing the
national monnment. ?he present area contains 141,09 sqpare mlles (90 302.37
acres) 1f the proposed extension of the Palnted Desert section is includedo
| The.abundance of fossil wood in northeastern Arizona‘and southernZI
Utah~mede a frofound impreesion on the native'tribes iongibefore‘caot;‘
Sltgreaves' dlscovery in 1851. According to Doctor Gregory the Navagos
fcon51dered the f0s3111zed 1ogs as "ye1tsob1t31n“ the bones of "yeitso"

"a monster who was destroyed by the sun and whose blood was congealed 1n ‘

- lava flows, In the Prube mythology the broken trunks are ‘the spent

, wéapaﬁs_Af Shinarav, the grea$.Wblbeod;vthe accpmulawed massee marklngN

the sites of battle fields.




PHYSIOGRAPHY

The Petrified Forest is located in the south«central'portion of
the Colorado Plateau, This large area, combined with the Goiumbia
Plateaun to the northwest and the Basin and Range Province to the west
and south, makes up the great’Intermontane/Plateau which separates the
Rocky Mountain System on the east and Pacific Mountain System Qn‘the
~west. A sketch map is included (Plate II) which indicates the major
.divisions of the Colorado Plateau Province. It may be noted that the
monumént is in the Navajo section consisting of young plateaus, of
smaller relief than the Canyon section (c) to the ﬁorth, into which it
grades,

The Colorado Plateau generally is a region of many plateaus, broken
by fault scarps trending north and south, by erosion escarpments trend-
ing east and west, and by canyons whose trends are in the maiﬁ north
- ‘and south with the exception of the Grand Canyon of the Colorado River,
The general surface haé an altitﬁde of about 5,500 feet above sea level,
above which the mountains rise and below which the canyons are carved,
The_Varying character of the alternating sedimentary formations exert
a strong fopographic control. The massive sandstones and limestone
members form vertical cliffs or level mesa tops while the shaies produce
slopes and local areas of badlands. Most of the Petrified Forest is
occupied by these bédlands carved in the Chinle formaﬁion.

The‘Colorado River is the master stream of the Plateau provinée‘
Drainage in the vicinity of the monument is controlled by the Little

Colorado River and eventually reaches the Colorado proper. It is
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estimated that‘surfaﬁe waters from‘Q,QOO square miles reaéh the latter
stream through the Little Colorado. Streams thioughout the:érea are
' classed'as’perennial.and intermittent, The Little colorado’River is
intermittent through a large part of its courée and receives no peren-
nial through-flowing stream from its rather large drainage basin., In
this section streams that flow in response to showers'are the prevailing
type,.
| ‘GLIMATE

The climate of the Plateau countr& varies according td~a1titﬁder
ffom'semitropical to temperate. ‘Thevmean annual fainfall for Holbrook
(elevatién 5,069 feet) is approximately 9 inches, July and Auguét are
normally‘the wet months. Temperatures of from -25° to 127°Amaximum ,
have been recorded in this area. The prevailing‘winds‘are from the
soﬁthwest. |

VEGETATION

Where the badlands are not in evidence sagebrush, greasewood, and
scattered clusters of juniper and pinon are rresent, Hardy grasses
occur throughout the area, Much of the lénds have been overgrazed and
it‘is for this reason that protective measures have been taken. Most
of the monument area has been closed to grazing and it is believed that
. £his will result in a rejuvenation of'the grass lands and in due course
decrease the necessity for erosion céhtrol measures'on-a bfoad scale,
The‘whole Colorado Platéau country is most suitaBle as a cattie and

sheep range,




POPULATION

The nearest town of any size to the Petrified Forest is‘Holbrook,
.withwg éopuiatioh of 1,115, The principal indﬁstfy which sgstains the* 
gsettlement is stock raising, In recent years tourist travel has‘suppie~v
mented this industry, There is also considerable trade with the Indians
of the Kavajo and Hopi Indian Reservations a few miles to the northwest.
‘The local Park Service staff.secﬁre their sﬁpplies'at Holbrbok.' As.
there are no abcamndations at the“monumenﬁifor the visiting park staff
most of them secure quarters in town, |

GEOLOGY

General. One of the most .complete geoiogical sections‘in4th§,world‘
may be obserfed in nofthern‘Aiizoné and southern Utsh, *In the Grand
Canyon section rocks ranging in age from the Archean to the Permian are
present with the éxception of the Ordovician, Siluriah, and Pennsylvanian,
Northward from the Grand Canyon and above the 4,000 feet of Paleozoic
section exposed here there may be observgd some 8,QOO feet»additional'
of Mésozoic aﬁd Tertiary strata. Southéést toward the Petrified Forest
and'ficinity, the formations are none the less interesting, comprising
a Mesozoic‘sequence of Triassic, Jurassic, and Cretaceous sediments., A
geologic'érbssrsection to illustrate the étratigraphy from the Grand
Ganyonftalthe Petflfied‘Forest ié being drawn by the writer. There
follows on Plate III, page ‘9. a stratigraphic column showing the rela~
tive position of the Petrified Forest in the section asnwell as certain

other parks and monuments of the plateau province,
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Stratigraphy. A discussion of the stratigraphy of the monument
beginsg some 200,000,000 years ago at the close of the Permian (Kaibabd)
of thevPaleozoic era which was foilowed by widespread emergence of fhe:
lands, The strata of the Petrified Forest area belong to the Triassic
‘period 6f the Mesozoic era, forming a part of the huge region of conQ ,
- tinental Triassic extending through the Rocky Mountain region from
Idaho to New Mexico, The Triassic, as now defined, includes three sub-
. divisions: thevMbenkopi formation, the Shinafump‘conglomérate, and the
Chinle formation. Strata within'the boundaries of the monument arelallv‘
incorporated in the Chinle formation,

The MéenkoPi beds contain fossils of Lower Triassic age. After
the deposition of the Moenkopi there was an interval of erosion as
evidenced by the removal of gaits of this formation, beveling of beds,
carving of channels and thé‘chaﬁges in sedimentation that preceded and
followed the erosion. Due to the stratigraphic position sf,the Shinarump
conglomerate, uhcénformably overlying the Lower Triassic Moenkopi and
below £he Upper Triassic Chinle, its age is generally considered as
Upéer TfiasSic. Fossil coniferous wood of a species characteristic of
the Chinle is ébundant.in the Shinarump, There are many conglomerate
lehses of the Ghinle which contain similar pebbles of the Shinarump as
“well as fossiis of like character, There are breaks in the continuity
of the Shinarump especially in the southeastern pertion of its extent,
In view of this evidence the writer agrees witthamp that it would
probably be best to discard the name Shinarump and emphasize its true

character - a basal conglomerate of the Chinle, It is, so far as is

10




known, conformable wlth the latter formation, The U.VS Geological

, Survey considers the Shlnarump as a separate formatlon and it w1ll be

so used in thls report.

‘ Moenkqpi Formatioh, As ‘stated above in post Permian time there
was a period of up—lift’apd erosion prior to the deposition of the
Triassic sediments., There is widespread evidence of unconformity at
the base of the‘Moenkopi. This‘formation consists of chocolate or red-
dish~brown sandy shale and sandstone with fairly uniform bedding planes,
Many of the sandstone 1ayers‘are ripple-marked and considerable evidence
of current action is preéent in the form of'cross—bedding. Gypsum occurs
in crystals gnd in scattéred irregular veins, Increasinglﬁowards the
west there gre>promineﬁ£‘gy?sum beds as well as marine fossil-bearing
1iméston§. Thé Moenkopi is from 400 to 500 feet in_thickness>in fhe
vicinity of the Petrifiéd;Forest.. Its thickness decreases eastward and
increases towards the west to as much as 2,000 feet in Nevada., It is

‘evidentlyvmarine to the west and of lagoonal or deltaic origin to the
east.

A completé section of the Moenkopi & few miles south of Tanner's
Crossing by Gregory shows 389 feet of section consisting of alternating
shales and sandstones, mostly redﬁbrown to chocolate colored the sand-
stones in members 2 to 5 feet thick and the shale members in bodies from

15 to 25 feet in thickness. There is a 40~foot shale member near the
middle, below which are 52 feet'of‘fine-grained,sandstone. Some cross—
bedding is in evidence and theré aré a few conglomerate streaks, Gregory
- states that there are so many variations in the stratigfaphy that no

two sectipns'aré closeiy elike, | |
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Alengvthe eeCarpment north.of>the Little Colorado'River, Just east
~of Holbrook, there are over 100 feet of'Mbenkopi expesed. Here the
formation contains alternating beds of chocolate brown sandstones and
shales in beds from a few feet in thickness up to 25 feet. There is"
much variation from ‘place to place and it is exceedlnle difficult to
‘trace 1nd1v1dual members over very 1ong distances,

~ Fossils are quite rare in the Moenkopi with the exceptiog of eﬁfew
father’poorly preserveﬁ-plant‘remains. Vertebrate and infertebrate tracks
'ha#e been found, The‘latter were.prOBablyvmade by insects or worms.. The o
vertebrate tracks are now referred to the Thecodonts, a group of primi-
tive reptiles from which the crocodiles and dinosaurs were probably
evolved, |

Besides the traces of life the afeilabie evidence of thevphvsieal
condltlons during Mbenkopl time lend rmuch to a fairly complete plcture
,,of condltlons. Varlous tyoes of rlpnle-marked sandstones, casts of sun-
cracked mud surfaces, rain drop 1mpressions, etc,, indicate a vast low
‘floodpplein, oseillating back and forth over a semi~desert area~through ‘
which temporary streams meandered, carrying loads of‘fine sand‘and silts.
(See Plate IV following, 111astrat1ng land—sea conditions durlng mach of
\Trlassic tlme.)

Following the deposition of the Moenkopi‘formation there was a iong
interval of erosion that affected a 1arge part of the plateau eountry.
In northern Arizena erosion channels 50 to 100 yards wide and 20 to iOO
 feet in depth, carved in the Moenkopi 'beds, are filled with the xﬁéssﬁive

gri; of the Shinarump. Middle Triassic formations are known to the west

12




Prleogrevhic mrp emphesising the lend-see relations im the Rocky Moun-
$ain region during much of the Triessic. (From Brenson »nd Mehl, Triessie
Amvhidisne from the Rocky Mountein region), The seurce of the sediments
comprising the Shinrrumw snd Chinle formetieons of northerstern Arisoms Wrg
from the 014 1»nd mrss scuthwest of the werd Arizome om the sketeh, The
pebdbles in the Shinarwmv econzlamer~te deeame imerersingly lerger in $his
direction towsrds the Memollen nlateeru where Muge deulders mey de odserved
in this formetion, Kribed (Permien) fossils found in the Shinsrumv end »lso

in eomglomers~tes of the Chinle in the vieinity of the Petrified Forest in-
&icrte » source in this directiom,

Missouri, Univ. Studies, vol. 4, no, 2, 1929,
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but are absent in this region., The.amount of Lower Triassic deposits
which have been eroded prior to the deposition of. the Shinarump is not

¥nown, -

Shinarump Conglomerate, Uhqqnformably Qvefljing the Moenkopi and
forming the lower member of the UpperfTriassic is a stream-laid depbsit,
‘consisting of gravels and grit, now cemented into hard rock and known as
the Shinarump conglomerate. Its thickness ‘r;nges' from 30 feet m;»lée;;feet
‘or more, It is esﬁimated that this deposit was spreaé over an area of
not less than 75,000 square miles. Petrified logs occur at some placeé
and the fragmenfs of petrifiéd wood are véry‘comﬁon. This fossilywood
is of a species characteristic of fhe Chinle above. bue to its position
between two less resisﬁant formations it form5vpfominent cliffs throughp
out the platéau_prdviﬁce. | R

Thé Shinarumﬁ is almost wholly siliceous, usually grey to white,
with shades of brﬁwn exceptional. In the area immediately west of the
monument area there are some mottled yellowish beds containing lime, The
pébbles ranging up to two inches or more in diameter are well roﬁndeda
‘The size of the pebbleé inéreases to huge boulders southward towards the
Mogollon plateau. They contain Kaibab (Permian) fossils similar to those
in the conglomerate lenses of the Chinle above, The soﬁrce of much of
the material making up the Shinarump‘was probably from the south and
southwest, (See Plate IV) The principal characteristics of this forma~
tion are that it is 1enti¢ﬁ1ar, cross;beddéd, moét variable in stfucture
and téxture and that it almost invariably contains fragments of fossil

wood,

14




Brénschistates "There aré numerous feferencés in the.literafure.
" to the Shinérump_vertebrate fauﬁa, but they are misleading, as they
may designate either indeterﬁiﬁable‘séraps of fossils in associated
beds, In the wr%ter's experience mich worn scraps of bone:are common.
in‘tyyical Shinarump, but_no'specimens can be identified. It is pfobable
thafvmény fiﬁds reported from‘the Shinarump have come from conglomerate
lenses in the Chinle " Bfachigpods, crinoid»stems, spongés, and bryozoa
were observed in the pebbles making up the Shiharump. Théy'ﬁave all
been identified as Permian (Kaibab) in age. |

A sketeh geologic mép fo11ows as Plate‘v, page 16, showing ﬁhe dis-
tribution bf this formatienvin the immediate vicinity of the Petrified .
Forest. Timé did not permit detailed mapéing but the writer'is'con;
vinced thét there is no Shinarump within the boundaries'of‘the Petrified
Forest as shown‘on the State geologiéal map of AriZoha; Oniy_the Chinle

is present .

[ Y

Chinle_Férmation. Cbnformably overlying the Shinafump is the Chinle
formation which comprises the uppermost member éf the Upper Triassic,
Probébly the most vivid feature of the terrain 6f nqrthern Arizona is
the display of coiors in this maés of shales, sandstones, and limestohe

'éonglomerates. Mach ‘of  the "paint" of the Painted Desert country comes
froﬁ‘thése rocks. Reds, browﬁs, blues, and greys are pafamount though.
almost aﬁyrshade of:cbldf may be found over the wide expanse of‘out—
crops to éppeal to individﬁél favor, ~The beds are fgéqqently_carved

into badlahds and the successive bands of color form a striking displey

15




R-2HE 22 23 24 25
7 ”?ﬁ K I 0 i ST
. 'E C |
= el " A e
® Five Bottes - | LW
bl , ‘] “Tanner
| b 5Pr‘ll!9

SKETCH GEOLOGIC MAP

PETRIFIE

NATIPNA
MONUM
! . 'Weddruts e | "
M sopruff
.
" J “

J

: nowfla?ke '\\

g |
y ¢ ik

nee

_.

D surnssIC

] CHINLE COCONINO
Do

CRETACEOUS [ | MOENKOPS

Mooiried after Geologi

1 TERTIARY-CRETACEOUS

vow.cantic Roecks

- TERTIARY INTRUSIVES

Arizona: Arizona Bu. Mines, 1925, PuLAYE M

16




long'to be'remembered. The shales, esPeclally in. the 1ower part of the
formatlon, 1nclude much volcanlc ash or bentonite,. Color, texture, and
'compos1t10n changes are‘1ndeed~most frequent. The follow1ng is from

Gregory and Moore's (15) report on the Kaiparow1ts Reglon' "In essentlals ~

the Ghenle of the Ka&parow1ts Region 1s 1dent1cal w1th that of the Navago S o

country, where thls formation 1s thlcker and more widesvvead and hag i
been studledeln greaterfdetaal. All types of}rocks and of fosslls ere."
common to the two areas, and in a broad sense the arrangement of strata
is the-same. During Ubber Tr1a391c time the condltions of . sedlmentetlon?’f
-appear to have been unlform over most, if not all, of the platesu prov1nce.
e_Although as a whole “the beds that compose the chlnle constltute a stratl-
:gra;hlc unit of unmlstakable individuality, a comparison of the 16 sec—.
tlons measured in the Kaiparow1ts reglon makes apnarent the wide varlatlon
;”1n the order of . depositlon, comp031t10n texture, color, and structure
of the Chlnle beds. Wlthin an area of a few square mlles a‘l sectlons
-may show the same range of color and include the same kinds of . rock
hbut-the colors of 1ndividual beds are not-oerslstent and one kind of-’
“rock may be replaced by another kind w1thxn short. dlstances along the :“
1strike.j The relatlve amounts of llmestone shale,‘and sandstone dlffer
',withueach section, as does also the~p091tion’of theSe-strata in the.r
Aserles. Moreover, the gradatlon in compos1tion of the strata and thelr
fincluded 1enses and za.ccess:o:t“r ﬂateV1als is such that no two Workers are

llkely to desCrlbe the rock or to sub-d1v1de the beds in exactlv the:

’}samefmanner.ﬂ
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: Gregor§ in his>Névéjd'péper has disiinguishédffour éubdifisions for
the Chinle‘in‘Arizdna. For thé Pétrified Forest area it is difficult to
recognize these subdivisions, In order for ﬁhis’to be done in a safise
factory manner it will be necessary to measure numerous sections,from
.hié type,localities‘southuast to the monument area. The writer has con-
sidered two divisions of the Chinle as did ‘.Camp in his paper: "A Study
of fhe PhytoSanrs". See Plate VI on page 19 following for generalized
columnar section, It'will"be noté&.that the Lower Chinle exceeds 400
feet in thickness, is characterized by more varied colors of grey and
biue, and contains much ash; The Upper'Chinle‘exéeeds 300 feet in
thickneés, is predominahtly red in color ahd‘contains 1imestone layers
with chert which is absent in the Lower Chinle,

The thickness of the Chinle in the type locality, the Chinle valley
to the north, is 1,182 feet. In generélvthe Chinle may be said to range
from 400 feet to about 1,000 feet in thickness. If'is thickestrin north-
eastern Arizohavand sbuthﬁestern Utah. The formation thins to the west
~and northwest and as to how much of this thinning iskdue to smaller
original thickness and how much to erosion that préceded’the deposition
.of mofe recent sediments remains to be deﬁermingd.

‘ When oné considers the lithologic character of the Chinle, the
local vafiations, bedding, and'fossil content, it must be agreed that
it is a fresh water deposit. It ﬁas indeﬁendent of 'the 'sea aﬂd was
spread by sluggish streams over a broad basinﬂof desert-like charactere.

Swamps and shallow lakes were present in the lowlands and on the higher
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GENERALIZED STRATIGRAPRIC COLMN - PETRIFIED FOREST
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'groﬁndsfsurrounding the basins were scattered stands of conifers. To -

:lthe west exo1031ve volcanoes shed ash far and w1de, as eV1denced

esveclally in the Lower Chinle, No marlne fos51ls have been reported‘

. 'but instead there is foand in abundance 511101f1ed wood and in places

fresh water shells and bones of land vertebrates. The more or less

gradational nature of the beds near the contact with the Shinarump cohef

glomerate further indicsbes its continental origin. In nearly all ex-
posures at she oase of the Wingate sandstone (Jurassic), Chinle formaé
tion contact, there is an abrqpt change of‘material, suggesting oncon~
’fosmisy;

Post Triassic, In northern Arizona some 8,000 or 10,000 feet of

o sediﬁentary section has been measuted»above the Chinle formation to

include rocks of the Jurassic, Cretaceous, and Tertiary., Doubtless

several thousand feet of this material was once deposited over the

sarea of the Petrifled Forest coverlng the Chlnle formation to a great

, fdepth. At the close of the Cretaceous there was a perlod of general

‘upllft in thls region followed by erosion on a large scale prior to the

depos1tlon of the Eocene above, After Eocene decositlon and uplift,
the‘present major lines of drainage were established, and erosion con- L

tinued.’.Later uplifts made possible the final stripping of the Permian

"in‘the Grand ‘Canyon section.bwAt or near the beginning of the Quaternary

: fthe'present canyon cycle'was ineugurated by great general uplift, Thus

through long periods of sﬁbmergence,,deposition,'uplift, and‘erosioﬁ,

'-Juiassic, Cretaceous, Tertiary, and Quaternary sediments have been

~ deposited and removed by erosion, No doubt 5,000 feet or more of these -
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sediments once coyered the monument area and have since been removed,
exposing the present Triassic section.

- Izneous Rocks, The two major voleanic fields of the platéau(.
province‘include Mount Trumbull and the San Francisco Mountains. Large
sections of Arizona are covered by volcamic rocks, It is generally
assumed that the majof §ortion.of the materials came.from eruptions
during Tertiary times. There has not been sufficient Qtudy to date to
make precise,correlations. It is known that some are of Cretaceous
age while others ﬁelong to the‘Quaternary.‘ On the geological sketch
map (Plate V) several areas of volcanic rocks are indicated in the im-
mediate area of the Petrified Forest. The intrusivevrocks consist of
necks, dikeé, and sheets, Extrusive forms consist of lavas and ash,
Lava‘capping the Chinle may be observed in the Painted Desert section
near the Inn,

Strucéture. Generally>speaking the'Petrified Forest is located
in the broad structural basin between the Mogollon plateau on the south-
west‘and the Defiance uplift m the northeast. Synclines and anticlines
follow one another in this depression. There is little evidence of
faulting in this district aﬁd it has certainly not played an important
‘part as in the region fo the northwest, Regional dips are northeaét
although along the crests of minof structures many variations may be
observed. The cross-section upon which the writer is working will
illustrate in graphic fofm the structural features bétter thaﬁ nost

- any description,
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"PETRIFIED WOOD
JGeneral, The ?etrified Forest area was reseffed by the National

‘Government in order to preserve‘the most interesting feature of the
Chinle formation - the fossilized wood. This reserve enables one to

:see one of the most unique exhibits of the national park chaln and now
- added to the fossil wood and the numerous vertebrate fossil finds is the
scenic Painted Desert,section all of wn;ch will no doubt eventually place
the monument in‘the sphere of a national park.

Three forms of trees have been'deScribed from the area as follows:

. Arsucarioxylon arizonicum, Woodworthia afizonicé,and Schilderia adamanica.
It is peculiar that the twéulattef species have been found only‘north |
‘of the Rio Puerco, with the\exceptioh of a questionable specimen of
Schilderia taken from‘the Blue.Forest, Accumulations of qusilized wood
';'océui mainly in the lower 400 feet of‘the Chinle with;oécasibnal concen-
.trations iﬁ the'Shinarump conglomerate below. |
The source and manner of accumulatlon of large amounts of petrlfled
wood in the Tr1a351c sedlments is not entirely clear. There are those
.. who believe'that the trees grew on the spot where fossilization took
place and others,who'considér‘that tnéy were transported‘hnndreds of
miles prior to petrification. There is very little evidence in‘the
writer's oplnlon that tna trees are actually in place. It is apparent
that they did not grow in the 1mmed1ate area in which they are found
and that they have been transported gome distance at least., This is
especlally true in the area south of the RlO Puerco. Hére many of the

trees have worn ends" and battered s1des and are malnly w1thout baﬁk.
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Mahy sizes are bunched togethner in heaps with the blunt ends of one

- trunk inélined azainst the sides of its neighbor. Although there is
an abundance of meterial for observation no roots were found extending
downward from the stumps.' It is possible that discovefies may be made
to illustrate this feature but there should be many examples consider-
A‘ing the amount of méterial to make it convinciné.

In the Black Forest of the Painted Desert the writef’;s'not SO sure
that the peﬁrified wood is far removed from where.the trées grew, Smaller
parts of branches are more in evidence and tnere are many stumps apparently‘
in an erect position, Excavétién should be undertakeén to ascertain the
nature of their roots. Some of the-iarger,stumps have lengthy roots
éttached and it is hard to believe that trees of thisbsize could ﬁave
ﬁeen transported long distances with roots remaining intact. e

For most of the forests it may be safeiy said hoﬁé%er that the treeé
have been ﬁransported'upwards to 50 or 100 miles. During Chinie'time as
sluggish streams meandered over broagd basins, the higher lands with stands
of conifers were flooded. The trees aféér falling werevcarried down stream,
aécﬁmulating in eddies and sand banks, much like the driftwood now présent
aloﬁg the Colorado and Little Colorado Eivers.‘ Several illustrations 6f
theioccufrence of petrified wobd méy be. found in the photos‘attached.

Replacement. After the treesvbecame lodged in sandbanks and were
cévered by sediments the process of feﬁlacemént began, Most of the
‘wood has épparently become éilicified in its present lbéation; The

chemical ﬁpocess was favored by the rapid burial of the trees and the
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free circulation of vround water in this type of sedlmentary deposit,
Dep031t10n of dissolved mlneral matter does not always take place in
openings already present in the strata. Water frequently‘makes room
for the substance depoéited by dissolving matter alfeaﬁytpresent, leav-
ing behind an equal volume of another substance, deposifed from solution,
Waters permeatlnv the stratigraphic ‘horizons of the burled logs were
probably alkallne, contalnlng soda and potash. 8ilice is readily soluble
in alkaline solutlons. As the logs slowly decayed their organic matter
was replaced;‘mdleCule by molecule, by silica mainly in the form of jasper
andxéhalcedony. - Some of the logs maintain the grey color of the sands
in which they were buried,_but Qost of them have been colored by iron
. end ﬁanganese, carried in solution bj the underground watérs and.deposited
at the $ime of'the'replacement of thé organic matter by the siliga,}thére—
, by‘ supplying the beautiful variety of éolérs. Meny brilliant tones of |
red, broﬁn,’yellow,and blue are present. Superoxidation of these minerals .
since the tree trunks have béeﬁ eXpoééd fd the atmosphere has’added much,
“to.the display of colors. Thevfragments are more likely to be éolored
"throaghout wnereas on the larger trunks the most brilllant colors occur
near the surface., The wood presents beautlful objects for study and
when thin-sections are ﬁade and placed’ﬁnder a micrdscopa fhey show the
original wood structure perfectly, all cells being distinet, though now
replaced by}éiliga;vu |
| " FOSSILS

The Triéssic pefibd, to which the rocksof thé Eetfified Forest belong,

marks the begimming of the Mesozoic which was fittingly called by Louis
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Agassiz the "Age of Reptiles" for the seas, lands and air were dominated
by these monstrous creatures., Arid aﬁd semiarid climates were widespread
.although parts of the lands were well watered, much as parts of the
-present continents are humid.

Plant Localities. Besides the fosgsil trees just mentioned there

is considerable evidence of plant life in the Chinle of the Petrified
Forest. Within the Blue Forest fern leaves, cycad leaves, Bquisetum
stems and lycopod stems are present, Plant stems are found in a sand-
stone member near the ruins just north of the administration building,
Casts of Egquisetun stems also occur here. Approximately two miles south

v of Ortega's Ranch there are plant stems in a sandstone lense, Three miles
west of the Blue Forest are leaves and cone scales. A study of the trees
and plants of ﬁhe forest has been made during the past £wo seasons by
Lyman H. Daugherty, of the Unlverslty of California, for his thesis,
Specimens of some 110 ferns, cycads, etc., were turned over to him for
study by the Park Service, It is assumed that his report will De forth—
cbﬁing in the near future and that much new information will be d&veloped.
Mention should also be made of the huge casts of Equisetum stems present
near Camp's quarry northeast of St. Johns, Most of these stems are in |

an erect position apparently in place,

Invertebrates., Unios (Pelecypods) were observed at several dif-
ferent localities; The best collecting grounds are in the Flattops
locality, the ruins just north of headguarters, two and one-half miles

southeast of Ortega's Ranch and three miles north and slightly west of
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the Painted Desert Inn.7'Threé speciés have been identified‘but, as there
is little variation in this fofm until the Crétaceous, it is doubifui if
they will be pseful for correlative ﬁurposes and wili prove»littlé except
the presence of fresh-water conditions,.

| Snails (Gastropods) have been found in onl& dﬁé locality to dafe.
This is at the same location as the Unio locality mentioned above, three
miles north gnd slightly wést of the Painted Desert Inn. Mr, Walker,
Park Naﬁuralist, has loaned Dr. Junius’Henderson, of the University of
Colorado, Boulder, Colorado, a set O£ clams.and snails for_study and
»determiﬁation. VHis report‘shoaldvfacilitate prépefiarrangement‘of’these
interesting forms in the‘museum.: | |

Pebbles from tne Shlnarumﬂ conglomergte and from convlome*ate lenses,v

of Chinle have yielded the following Permlan (Kaibab) Iormsx .Bryozoa,

(of Fenestella group), Productus (Dictyoclostus) occldentalls Newberry;

Productus (Dictypclostus) 1ve31 ‘Newberry; Lophophyllum sp.; sectlons of

cr1n01d stemS° Av1culonecten occ1dental1s Newberry, Snlrlferlna kentuc cky~

ensis (7) fragmentary; and sponge sections..

| Vertebrates, One Of thé most noted ccllecting grounds for Phytosaurus
(ﬁeloaou);‘the 1arge crocodile-like reptile, and the large amphibian

known as the Stegoceghali,‘with the shovel-shaped skull, is in thé Vi
lcinity of the Petrifiéé'Foregt.‘ Eragments of bonesof these’aniﬁals ére

“widely distributed but éomé of the more important locélities whgre more

'yprg1ess complete 5peciﬁeﬁs'hawejﬁeén obtained areAés follows: zé'miles

southeast.of'Ortega's Ranch, the Flattops, the Blue Forest, on the Carrizo

26



in the Painted Desert, 3 miles noreh of ﬁhe‘Painted Desert Irn,‘near 

tue Tepees of the Blue Forest many teeth are found with the bones,and |
~in and around Camp's quarry northeast of St. Johns. At the latter locallty
there was.recently-discovered tne‘remarps of a large mammal—likerreptlle'
called an Anomodont. It has heretofore been knoeﬁ only frem the Triaesie
‘of,Seufh’Africa; This find is of much importance because of the evidence

of‘the‘distribution of the typefof‘animal-from which the memmals were

believed to have been derived,  Specimens of Phytosaurus and Steggeephe;;
aré exhibited in the museum., This type‘of information has an intense
public appeal and is of real scientific value., Too much emphasis.cannot“

.be placed on the development of this important feature -- the collecting

“. and nreservatlon of these rare vertebrate fossils,

The main f0931l locallties were v1sited by the writer. It was at
~’f1rst cons1dered best to try and prepare ‘some of these speclmens in »
‘plaee for publlc view, It wlll.not be p0551ble to do thls,in most cases
w1theut a much larger ranger staff for thelr protectlon, The most‘ve:,.'~
satisfactory methed w;ll no doubt prove 'to be to show the_material in)
a meseum. Plate VII folloﬁing'og page 28 indieates the most important
fossil leealitieebof all kinds, Location of ﬁhe fossil wood accumila~
tions may beifound-on Plate‘I; page 3.
| | " ARCHEOLOGY
' Numerous_ruins and pictog rabhs of a pottery-maklng neonle are
-present in the Petrifiee Forest., The first of these are supposed‘te.
be of southern origin (Adamena). These'were‘followed by another ap-

- parently from the same direction who met and‘seem'to have mergedrtéra .
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oertaln degree wlth still another group from the north who made white
'or grey ware (Wbodruff—Llno). Later the area was furtner subjected to .
influences derlved from the north east and south and finally appears
: to have been abandoned during the Homolovi stage, This type of study
is 1ntensely»1nterest1ng to a great many people and as the area was
apparently on the bordeé line of peoﬁlesVof oiffereh£ originlit becomes’
all the ﬁoref%seinaming. These aspects may ﬁellkbe deve10ped«iﬁ the
miseum and supplemented by certain exhibits on the trails. It should
be‘remembered however that fhis monument is pfimerily a'geologioai'exhibit;
and the aicheeological features shouia ﬁot be ?éfmiﬁted tolinterfere |
with this diﬁieion. Exhibits'ehowing the archaeology of northern Ariéona
andANew Mexico’ere‘we1l dispiayed at"fhe‘Museumiof Northero'Arizona at
- Flagstaff and also at Santa Fe, New Metlco§ whlle the geologlcal features
of the Petrlfled Worest cannot be duplicated elsewhere,
| lAmER RESOURCES

The nature of the Ghlnle formation, malnly a fine-gralned compact
shale, precludes it as an 1mportant source of g:ound water. vLocally ;
gome of the chammel sandstones'end conglomerates hay prove pro&uctive;
; The Snlnarump conglomerate 1s a good water bearer in some localltles '
bat due to its varlable thlckness and compos1t10n it should not be |
con31dered-as an_lmportant'source ofrwater for the Petrified Forest.
~ The MoenkoPi‘sandstOnes,and shalee form a g00d reservoir and>large
quéntities,ofewater.ere obtained from this formation. However, due to

its extreme saline content it is rarely potable. The Kaibab formation
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below if.presént would serve only as a cap rock between the MbenkoPi
énd_thé Coconino sandstone, The;bestbwater producing horizon thus far
discovered in the region is the Coconino sandstone of the Permian, It
‘ié’a wind-blown deposit of fine—grained sandstone, often firmly cemented,
but containing‘Sevéral more porous beds which produce abundant quantities
of potable watef. | | |

| Plans were made in 1932 to drill a water well at the,adbinistration

‘ headquartérs to produce from the Coconino sandstone, Estimates were‘made
that the Coconino sandstone would be reached at a depth of 645 feet

below the‘surface. According to_the‘samplesvobtained the apﬁroximate

_correlation is as follows:

Headquarters Well Loz — Petrified Forest
Elevation Approx, 5,475¢

Chinle Formation.i.......e O = 300 ...00e... 300 feet

Shinarump Conglomerate.. 300 - 355 .4.00ecse 55 M

Moenkopi Formation...... 355 = 755 .......00 400 ¥

Kaibab Limestone...-.... 755 - 795 e@ v cesc e 40 L

‘Coconino Sandstone .e... 795~-1023 ..eceve... 228 W
Numerous drilling difficulties were encountered in this test. The cas-
ing was set at 745 feet. The casing is frozen and efforts to pull it
have faileds, There is 238 feet 6f open hole in this well Which‘includes
a‘éecticnﬁdf the Moenkopi formation, a prolific saline water producer.
The test at the Administration Headquarters is therefore not a'fai: y
criterion as to what the Coconino will do. The well was put on the pump
and produced about 1,500 gallons per hour but was not of potable quality.

Se#eral’artesian wells have been drilled into the Gogonino sand-

stone in fhe‘Petrified Forest area. The belief is current that satisfactory
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supplies cannot'be obtéined from this formation north of'fhe Little
Colorado River. 'The entire area‘is io a large structurél‘basin and 56
'ev1dence of fau1t1ng was observed which might account for this condltlon.
vBriefly it is believed that the Coconino has not received a fair,test,'
and‘ﬁhat regardloss of local shallow water supplies developed itbwill
be neoessary eventually to drill to this formation with a satisfactory
casirg shutoffiéx the top of same; Logs of surfounding wells have been
collected by Mr,. Walker and the wrlter but it is not deemed necessary

to 1nclude them in this report They can well be summarlzed in a sPeclal
'water<report when needed, In thls connection Mr, Walker has wrltten,a |
&etailedaoatér report on the area. | |

At the present time the potable water is hauled from the Rio Puerco,
a‘distancé~of 16 miles, to the Adﬁinistration Headquartors and stored in
al, ,500 gallon reservoir. This supply ié obtained from shallow wells
and is certainly surface seepage into a channel of the Rio Puerco. Sur-
prisingly no analysis has been made of this water although it is used by
the CCC camp and the park personnel. There are numerous wéshes where
supplies of this type may be developed. Efforts should bekmade to give
the Coconlno sandstone a thorough test before denendlng on surface sup-
plies of this sort. As to the location of such a test it will probably”
be best'to awalttthe'complet;on of the master plans for the monument
which oould~ipolude thebPéiﬁtéd'Desert‘section.
MAPS
The:topographio maps'available for“this:regiOn aieiof thé editions

1886 to 1892 with contour interval of 200 feet on a scale of 1:250,000,
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Theresis one sheet covering a limited area with a contour interval of
100 feet., The topographic relief in this section is so low that many
of the most important features are not iﬁdicated, It is most difficult
to locate accurately points on these maps, A satisfactory topographic
map should fecomp;eted of the Petrified Forest and surrounding area

in order to facilitate detailed geologic mapping, fhe location of
important fossil localities, and the construction of roads or tréils

or in fact most any type of construction witﬁin the monument.,

Elans for miseum construction have not been completed as yet’dne
to the pending land situation at the Petrified Foreét. When the adr:
ditional acreage is obtained (thé Lore property), which is the key to
the development of this section, it is considered that the main museum
should be located in-the vicinity of the Painted Desért Inn; A museum
at this point could be modelled somewhat after the observation station
at Graﬁd Canyon, Petrified wood should of course be'featured ﬁith‘the
scenic view of the Painted Desert'emphasized as well as the fossil
vertebrates found in the vicinity., Some space could be given to arche-
clogy but it is thought that a small museum on the Rio Pueréo.could
best portray this aspgct. The present museum could be used étrictly as
a‘geological exhibit and poésibly a checking station combined.‘ It will
‘be necessary to have<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>